Climate variability and change will increasingly harm crop and livestock systems worldwide. Evidence of climate change impacts are largely documented for crops with much less information for livestock. In this study we assessed smallholders' risk perceptions of climate change impacts on water buffalo production systems in Nueva Ecija, Philippines. Results from a household survey with 310 water buffalo farmers revealed that they are highly aware of climate change to which they ascribed to an increasing frequency of extreme events such as extreme rainfall, floods, typhoons and extreme heat. Perceptions of climate change risks strongly depended on the level of exposure and vulnerability to these extreme events. Feed availability and animal health were identified as the production aspects most severely affected by the multiple weather extremes, posing productivity risks and compelling farmers to adapt. Adaptation measures in the study area have been spontaneous and based on economic drivers rather than planned. These measures included biophysical and farm operational adjustments such as relocation of animals, adjusting forage planting times, use of crop residues, and shifting from rice cropping to buffalo dairying after recurring rice harvest failures. We suggest that there is a need for development of specific and longer-term adaptation measures that are planned to fit the water buffalo sector.
Introduction
Global population increase and changing consumption patterns have already led to a growing demand for high-value animal protein and will continue to do so (Thornton, 2010; Herrero et al., 2015) . To meet this demand means both an opportunity and a challenge to sustain the livelihoods of more than one billion livestock keepers' worldwide under climate change. Increasingly climate change impacts on crops and livestock systems have been more negative than positive (Porter et al., 2014) , with livestock almost as likely as crops to be highly affected by climatic change (FAO, 2015) . The effects of climate change on livestock production systems pose serious risks to global food security. According to IPCC Fifth Assessment Report (AR5), climate change without adaptation will exacerbate its negative impacts on production, particularly in some tropical developing countries (Porter et al., 2014) .
Understanding climate change impacts at the local level is particularly important for farmers in developing nations because they depend so heavily on the climate-sensitive agriculture sector for their livelihoods (Thornton, 2010) and because of the complex role agriculture plays in their socio-economic systems (Morton, 2007) . Many of these farmers are living in areas of high risk from the impacts of extreme weather events and have limited capacities to respond to these impacts (Nath & Behera, 2011; Godber & Wall, 2014 Thornton & Herrero, 2014; Weindl et al., 2015; Rojas-Downing et al., 2017) . However, compared with crops, there has been little research on the potential impacts of climate change on livestock (Porter et al., 2014) . More so, research on livestock in Asia in general is often neglected in agricultural research (Thornton et al., 2009; Musemwa et al., 2012) .
The Philippines is one of the countries most vulnerable to climate change because of recurring extreme weather events such as typhoons (cyclones), flooding, and drought (Yumul et al., 2011; Kreft et al., 2014; USAID, 2017) . Vulnerability is high because half of the country's population of around 100 million people (PSA, 2016c) depend on agriculture, a sector which has seen substantial damage from extreme weather events. Between 2006 and 2013, climate change caused $3.8 billion in accumulated damage and losses to the agriculture sector (IFPRI, 2015) . By 2100 it is estimated that climate impacts will be responsible for a reduction of 2.2 percent of the country's annual GDP (USAID, 2017) . The crop subsector has faced the highest economic losses, followed by fisheries and livestock. As a result, there has been a decline in production of crops (3.4%) and fisheries (4.2%). The livestock and poultry sectors, however, grew by 6% in 2016 (PSA, 2016d) . The government has therefore aimed to boost livestock production as a means of countering the effects of climate change, with the assumption that livestock are less vulnerable to the effects of extreme weather events (Padin, 2016) because animals can be moved to safe environments, and provided with supplemental feed (Rust & Rust, 2013) .
One of the most important livestock commodities in the Philippines are water buffalo, which are known to be robust and adaptable to harsh conditions (Cruz, 2007) . There are 2.89 million heads of water buffalo (locally known as 'carabao') in the country, almost entirely (99%) kept in smallholder systems. Water buffalo generate significant income from meat (around US$214.7 million p.a.) and milk production (around US$174.4 million p.a.) and are also valuable as a source of draft power in crop cultivation (valued at around US$6.45 million p.a.) (PSA, 2016a) . Most literature on climate change impacts on livestock has focused on cattle. The few studies on water buffalo have dealt with impacts and adaptation to climate change related heat stress on breeding and health (Yadav et al., 2016) , physiological functions and milk production (Upadhyay et al., 2010; Kumar et al., 2015) .
Given the importance of water buffalo to smallholders and the assumption that they can withstand climate change better than crops, understanding how farmers perceive climate change impacts on production will help determine the extent to which the sector still needs to adapt to cope with impending change. Such research in the Philippines is very scarce, and understanding farmers' perceptions of climate change impacts on water buffalo production may provide insights into the factors that enable or constrain them in implementing adaptation measures. In general, animal husbandry in developing countries is particularly sensitive to changes in climate as it is highly dependent on pasture and crop residues for animal fodder. Potential adaptation may be occurring at the farmlevel, but more observational evidence is needed.
Farmers' behavior and intentions to adopt adaptation measures is shaped more by their perceptions of climate change and climate risk than by the actual climate patterns (Weber, 2010; Bohensky et al., 2016; Nguyen et al., 2016) . Understanding perceptions can be useful in conjunction with scientific knowledge systems and communicating environmental and climate change related policies (Arunrat et al., 2017; Burnham & Ma, 2017) . Furthermore, climate risk perceptions can serve as predictors of future adaptation strategies and options (Mercado, 2016; Mase et al., 2017) .
Based on this background, this study aims to understand 1) how farmers perceive climate change risks and impacts on their water buffalo production systems, and 2) how these risk perceptions inform farmers' decisions to make changes to their production systems to respond and adapt to climate change.
Methods

Conceptual framework
We developed a conceptual framework (Fig. 1 ) synthesizing literature from climate change impacts and adaptation research on livestock production systems (Devendra, 2007; Thornton et al., 2009; Herrero et al., 2015) . While the viability of production systems can be affected by exposure of animals to climate change by compromising their biological function or, for Fig. 1 . Conceptual framework linking farmers' climate change risk perceptions, perceived impacts and adaptation behavior.
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Climate Risk Management 20 (2018) 50-63 example, reducing the quality and quantity of feed (Rust & Rust, 2013; Porter et al., 2014) , the framework draws on the idea that the impacts of climate change can best be determined from people's perceptions, that risks are socially constructed, that attitudes and motivations change, and that coping strategies people are constrained to those that people are capable of adopting (Takala, 1991; Hidalgo & Pisano, 2010) . We defined perceptions as the views and interpretations of the climate change issues based on beliefs, experiences and understanding (Wolf & Moser, 2011) . In particular, we explored farmers' experiences to identify climate change impacts on water buffalo. Personal experiences shape people's perceptions (Myers et al., 2013; van der Linden, 2015) and it is logical to assume that there is a close link between direct experiences and how people perceive the impacts of climate change (Weber, 2010) . People can perceive risks as feelings, referring to the instinctive and intuitive reactions to danger (Slovic & Peters 2006) . Given the uncertainty of climate change, it is more efficient to rely on information from experienced feelings that shape decision actions and behavior than to measure climate change itself (Schwarz, 2001) .
Many researchers have indicated that people relate climate change to their personal experiences of increasing occurrences of extreme weather events and perceive these risks as being associated with climate change (Bell, 2012; Carlton et al., 2016) . Such experiences include actual disaster experience, given the number of destructive typhoons passing through the Philippines each year (Israel & Briones, 2012) . The risk of potential climate change impacts on animals makes the whole production system much more volatile, leaving farmers uncertain about future income and in need for constant adaptation . Overall, we therefore focus on understanding possible adaptation responses to climate change through a greater understanding of farmers' experiences of what they perceive as climate change and its associated impacts.
Study area
The study was carried out in the province of Nueva Ecija located at the eastern part of the Central Luzon region ( Fig. 2; PSA, 2016d) . It is a landlocked area of approximately 5500 km 2 (30% of the region's total) with a total population of 2.15 million (PSA, 2013) . Agriculture is the main industry because of naturally rich alluvial soils (Carating et al., 2014) . Almost half of the total land area is devoted to farming of which about 90% is cultivated with rice. This has made Nueva Ecija the biggest rice producer of the country (known as the Philippine "rice bowl"; Santiago, 2015) . However, while rice farming is considered the main source of livelihood, farmers also grow vegetables between rice crops and keep livestock (PSA, 2016b) . Among the most important livestock are water buffalo which provide income from milk production, draft power for ploughing, harrowing and carrying farm produce. Central Luzon is one of the five main regions for water buffalo production with about 40% of the country's total buffalo Climate Risk Management 20 (2018) 50-63 population (PSA, 2016a) . Within the region, we chose Nueva Ecija as the study area for two reasons. First, large numbers of water buffalo are kept in the province. As the designated National Impact Zone (NIZ) for water buffalo development in the country, Nueva Ecija is home to many farmers' cooperatives and to the Philippine Carabao Centre (PCC) National Headquarters. There are 51 dairy cooperatives within this NIZ, with more than 1000 smallholder farmers as members. These cooperatives are organized in the Nueva Ecija Federation of Dairy Carabao Cooperatives (NEFEDCCO). The second reason was that the province is highly exposed to floods, typhoons and other climate-related extreme events. It is classified as a high-risk area (ranked 14th on the risk scale among 81 provinces in the country) on the basis of the combined exposure to climate disasters particularly typhoon, drought caused by El Niño, projected changes in rainfall and temperature increase (see Fig. 1 ). On average, there are seven typhoons crossing the province per year, triggering floods, landslides and strong winds (Israel & Briones, 2012) . Nueva Ecija has also been particularly dry and hot in recent years (PAGASA, 2015) .
Sampling and data collection procedure
In order to design the main survey, we first conducted open-ended interviews with key informants. In total we interviewed ten chairs of farmer-cooperatives and ten government officials and extension officers all of whom were purposively selected from across the whole study area. The key informant interviews were undertaken between January and February 2016, followed by the main household survey from April to November 2016.
For the main survey we used a structured questionnaire which was administered through face-to-face interviews with the farm household heads. We selected participants from a list provided by PCC containing all farmers within the NIZ (see 'Study area'). Besides individual farmers (who were most likely to be the heads of households), this list included names and contact information of each association, and cooperative chairs. The majority (> 90%) of water buffalo farmers in the study area are organized members of NEFEDCCO and other network groups established around the NIZ (Palacpac, 2010) and we are therefore confident that this list covered most farmers in the research area. From this list, we randomly chose 310 farmers who we approached to participate in the survey. The recruitment of survey participants was restricted to smallholder farms.
1 The surveys were undertaken by the lead author in the local language (Tagalog) and translated into English. One interview took approximately one hour and ethics approval for the research was obtained from the Human Research Ethics Committee at Charles Darwin University (H15084).
Questionnaire
The survey questionnaire consisted of five parts: 1) socio-demographic and water buffalo farming system characteristics, 2) drivers of change and related farming and livelihood constraints, 3) perceptions of general climate trends and weather patterns 4) perceptions of impacts of climatic trends on water buffalo production systems, and 5) perceptions of overall associated climate change risks on different water buffalo production aspects and potential adaptation responses.
Perceptions data were gathered by asking respondents if they were aware of climate change and had heard about the term 'climate change' with potential Yes/No answers. If they were aware of climate change, they were asked about the perceived changes in climate patterns and climate change-related extreme events with categorical answers ('increasing', 'decreasing', 'no change'). We considered a recall period of ten years for the perceived changes (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) . This recall period generated more substantive responses from the pre-test respondents, hence was assumed to be preferred by farmers. The importance of climate change in relation to other stressors was ranked on a 5-point scale from 1 (not important at all) to 5 (extremely important). Similarly, the overall impact on production systems was measured from 1 (no impact at all) to 5 (extremely strong impact).
Questions about farmers perceived impacts of climate change on water buffalo production were asked for a range of relevant categories: 1) Feeds and feeding, 2) Animal health, 3) Animal breeding, 4) Herd inventory, 5) Product quality and quantity, 6) Production cost, and 7) Logistics and marketing.
Data analysis
Descriptive statistics were used to see the patterns in the perceived changes in climate and weather patterns, and to determine the proportion of farmers who perceived that they had been affected by each of climatic parameters. Farmers' perceptions of climate change and variability were validated using KNMI Climate Explorer, a web application for high-resolution paleoclimatology. We extracted the mean annual precipitation and temperature trend data from Cabanatuan-Nueva Ecija climate station located within the sampling area (Trouet & Van Oldenborgh, 2013) . To establish the importance of climate change over other non-climate related stressors to farmers' livelihoods, ratings were analyzed using Friedman's test (K-related-samples test) followed by Wilcoxon signedranks test for pairwise post hoc comparisons when appropriate.
Ordinal regression analysis was performed for determination of possible association of farmers' socio-economic characteristics and related attributes to the perceived extent of impacts of climate change. The outcome variable captured responses on the perceived severity of climate change impacts on overall production, an ordered variable coded as: 1 (Low impact), 2 (Moderate impact) and 3 (Strong impact). The independent variables included socio-demographics, farm and farming characteristics, and related institutional variables.
Results
Sample characteristics
Of the total of 310 survey responses, 12 could not be used because they were incomplete, resulting in 298 responses for data analysis. Table 1 presents the socio-demographic characteristics of the sample households and their farms. The mean age of respondents was 49.8 (SD: 7.9). The respondents were relatively elderly with the mean agriculture experience being 27.0 (SD: 9.7), and 12.5 (SD: 5.1) years in farming and water buffalo keeping, respectively. The increasing age (average age of 57 years) of farmers in the Philippines is becoming a concern (Elauria, 2015) . Some studies have taken age as a proxy for farming experience (Deressa et al., 2009 ) and, with more experience, we have assumed that farmers were more likely to have perceived changes in climate (Bryan et al., 2013) .
Most (85%) respondents were men, heading a household with an average of around five members. The predominance of male participants was expected because we interviewed the heads of households, who are usually men. Traditionally livestock keeping (water buffalo in this case) in the Philippines is managed mainly by men because of the physical labor involved (Lu, 2007) . All respondents went to formal school with more than half (65%) have either attended or finished high school. The province of Nueva Ecija is known to have a relatively high literacy rate (PSA, 2013) .
The mean farm size was 2.1 (SD: 0.9) hectares, and respondents kept, on average, about 8 head of water buffalo (mixed age). Grazing in either their own or nearby communal lands was practiced by more than half of the respondents (68%). Almost half of the respondents had access to irrigation (41%). Respondents predominantly pursued mixed crop-livestock production (98%) and 68% of the farmers also kept other livestock types such as goats and cattle. The most important crop, grown by 75% of respondents, was rice.
Perceptions of general climate change among other stressors
Nearly all respondents (99%) had heard about climate change. They perceived climate change as the second most worrying driver of change after financial issues (Table 2 ). Other problems of concern were declining interest in farming (3 rd most important), increasing land conversion to non-agricultural uses (4 th ), socio-cultural changes (5 th ) and migration (6 th ). The difference in medians among and between the rankings is significant (p < 0.001). The resulting Kendall's coefficient of concordance value (55.2%) indicates that our respondents strongly agree with each other on their ratings among the perceived level of stressors encountered. In fact, results of the follow-up multiple comparisons of mean ranks revealed that respondents agreed about all concerns (p < 0.001) except for one non-significant result of differences (based on negative ranks) of 'financial-climate change' pairing. 
Perceptions of extreme weather events and changes in climate patterns
Farmers interpreted climate change through observed occurrences of extreme events such as typhoons, floods, droughts, extreme rainfall, extreme heat and changing seasonal patterns. Almost all respondents perceived an increase in the frequency and severity of typhoons, increases in extreme rainfall events and the number of dry summer days as part of a changing climate (Fig. 3) . Most respondents (about 90%) also perceived an increase in floods and extreme heat. Droughts were perceived as increasing by about 75% of respondents with the other 25% having noticed no change. The number of rainfall days during the wet season was the only climate parameter for which farmers' perceptions seemed to vary. The wet season was perceived as becoming wetter (increasing number of rainy days) by about half of the respondents (53%). Some farmers (29%) thought the wet season had become drier and some did not perceive any changes (18%).
Perceived impacts of extreme weather events on water buffalo production
Respondents observed that feeds and feeding were highly affected by drought (62%) and shifting seasonal patterns (61%) (Fig. 4) while almost an equal proportion of respondents considered animal health to be affected by typhoons (67%), flood occurrences (49%) and shifting seasons (45%). Notable health related concerns triggered by climatic stresses were the presence of parasites and other infectious diseases. Farmers mentioned liver fluke infection (fasciolosis) as associated with the flood season or if their animals were exposed to irrigated rice farms and communal grazing areas. Some have been dealing with recurring mastitis with a belief that too much heat stress to their caracows could be the cause. Difficulties in breeding animals (decline of animals in estrous and conception rate) were associated by farmers with shifting seasonal patterns (55%) and during periods of drought (63%). Farmers recalled that, during the dry season, it was harder to detect females that are ready to mate, resulting in low numbers of pregnancies. About 80% of the respondents, 80% were milking their animals and extreme heat was considered by many (73%) to affect milk quality. They noted reduced milk volume during hot summer days and drought (55%) with frequent quality rejection upon point of sale. All the extreme a The higher the mean rank of a stressor, the greater the level of concern as an issue. Fig. 3 . Farmers' perceptions of changes in climate over the past ten years, Nueva Ecija, Philippines, 2016. Climate Risk Management 20 (2018) 50-63 climatic parameters were listed as influencing overall production costs, with drought mentioned most frequently (64%). Typhoons (67%) and flooding (49%) often affected logistics (accessibility of roads) and/or marketing (distribution of produce). Farm activities were also hampered. Respondents mentioned stronger typhoons wiped out crops and some had lost animals tethered near rivers to flash floods.
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Determinants of farmers' perceived climate change impacts
Nearly all respondents (98%) stated that their overall production system had been affected negatively by climate change in the past decade. Results of the logistic regression analysis showed that age (positive), farming experience (negative), farm size (negative) and number of crop types (negative) had significant effects on farmer's climate change perceptions ( Table 3 ). Factors that did not have significant effects on climate change perceptions included experience with water buffalo production, household size, gender, level of education, land ownership, grazing practice, number of livestock types and the access to irrigation.
The potential linkage of perceived climate change impacts to different water buffalo production attributes and access to related institutions was analyzed separately (Table 4 ). The livelihood contribution of water buffalo as a buffer and insurance were both significantly and negatively associated with farmers' perceptions of climate change impacts. The same negative relationship was found for traction-draft utility of water buffalo. Farmers who relied more on water buffalo as a primary income source perceived that their overall farming livelihoods were more affected by climate change. Respondents with off-farm incomes, and farmers who derived more products from milking and selling live animals, showed no significant link to the way they perceived climate change risks.
Respondents who were receiving adaptation support and had good access to financial assistance and credit were less likely to perceive climate change effects. However, positive significant associations were seen for those who had access to insurance (crop or livestock) and training and extension services. Access to a wider market and source of climate information did not significantly affect farmers' perceptions of climate change risks.
Water buffalo farmers' adaptive responses
Nearly all farmers (98%) had adjusted their practices in response to changing climatic conditions. Most had adjusted their management of farming resources and crop production activities as defined by their mixed crop-livestock systems. Respondents considered water buffalo production as a family farming endeavor in which most of the management decisions were discussed with household members (92%), co-members in cooperatives (40%) neighboring farmers (38%), government (20%). Rarely did the household head make decisions alone (8%).
Most farmers took biophysical and farm operational adaptive measures; they relocated animals (86%), optimized the use of feeding resources like crop residues (e.g. rice straws) (99%) and adjusted the harvest/planting time of forage/grazing (99%). Few farmers took had adapted using economic instruments: 21% had sought off-farm work, 15% had taken out agricultural loans and 4% had reduced their food expenditures. Almost half of the farmers (47%) increased water buffalo dairying while reducing crop production such as rice. As a socio-cultural measure, praying to God was mentioned by 98% of farmers and changing the attitude towards climate disasters (e.g. preparedness and being more mindful of climate forecasts) by 95%. On the production side, farmers took measures to help their animals perform well under the changing climate, such as providing water at all times and easy access to "water pools" for animals to bathe in, planting forage in small backyard plots and reducing the need for grazing during extreme wet and dry days.
Discussion
Perceived climate change and variability
It was not surprising to find that smallholder water buffalo farmers are concerned and strongly aware of climate change and variability. However, understanding why they identify climate change as one of their key drivers of change to their production systems and livelihoods is complex, as climatic factors are closely linked to others, such as economics (O'Brien et al., 2004 ) and sociocultural drivers (Mertz et al., 2009; McCubbin et al., 2015) . Mertz et al. (2009) has demonstrated that reasons for changes cannot be attributed solely to climate, but climate may be one of the underlying causes of change. However, smallholder water buffalo farmers in our study area regard climate as their main concern to their production system and attribute the same weight to climate as to economic stressors (e.g. markets and finances). Thus, we believe that it is highly important to explore their perceptions of specific climatic parameters further as it could lead to a better understanding of vulnerability and actual adaptation behaviors of farmers.
Farmers could easily recall experiences associated with heavy damage to their production systems, as also noted elsewhere (Alam et al., 2017; Cullen & Anderson, 2017; Dubey et al., 2017) . Older farmers are particularly able to associate production changes to climate change. As has been reported in other local studies (Weber, 2010; Hou et al., 2012; Bohensky et al., 2016; Nguyen et al., 2016; Dubey et al., 2017) , farmers' perceptions are informed by past experience of disasters rather than by information on projected climate change scenarios. The clarity of farmers' interpretations of climate change are possibly strengthened by their background. Almost all water buffalo farmers in the Philippines are members of cooperatives who are beneficiaries of government supported extension programs (e.g. through PCC). Most of them are likely to have been exposed to formal climate change narratives. This Link function: Logit. Notes: reference category of the ordinal regressions model is extremely strong impact (3). *, ** Significant at 5% and 1% level, respectively.
suggests that their perceptions are possibly enhanced by climate change information (Deressa et al., 2009 ) coupled with their experience of extreme weather events. Overall, our findings support the notion that farmers are well aware of climate change and variability at the local level, and that their perceptions are very accurate when compared to records of frequency and severity of typhoons (Israel & Briones, 2012) and of actual trends of precipitation and temperature (Trouet & Van Oldenborgh, 2013) .
Perceptions of climate change impacts on water buffalo production
Knowing that water buffalo farmers are well aware of climate change and variability, we explored the perceived risks to their production systems in more detail. The vulnerability of buffalo to climate change has not been well documented, partly because the large population present in Asia (95% of the global buffalo population; Deb et al., 2016) appears to have led to the belief that they are highly adaptable to tropical hot and humid conditions. However, some studies have emphasized key aspects of buffalo biology that may make them vulnerable to climatic change, particularly extreme heat (Somparn et al., 2004; Vale, 2007; Upadhyay et al., 2010) .
In our study farmers have developed an understanding of the risks of climatic change by observing changes in their animals and their productivity. Farmers could confidently identify climatic effects on animals by observing them, because, as stated by some farmers, "animals' don't lie". They observe if animals are sick or heat stressed because "their poor body speaks to them". Farmers' could also confidently tell which specific aspects of their production systems are affected by climate change and variability whenever yields and income are at risk. It was therefore not surprising to find that feeds and feeding, and health, were identified as the two aspects most severely affected, with extreme heat identified as the climatic parameter that caused most damage, particularly to milk quality.
Feeds and feeding include the quality and availability of feed. These aspects of production have been studied extensively, not necessarily because they are most problematic but because they are the most costly aspects of livestock keeping (Sirohi & Michaelowa, 2007; Blümmel et al., 2015; Kumar et al., 2015) . In the Philippines, providing quality feeds is very challenging, particularly for ruminants, because of limited availability of land for pastures and for forage cultivation (Moog, 2005) . Given more frequent droughts and changes in seasonal patterns (earlier onset of the dry season in this case), a large proportion of farmers could not stretch their crop residue reserves until the grass turns green again. Some farmers resort to buying supplemental mixed-rations that are available commercially, but many said that they were not to be able to afford this, or else refused to invest in quality feeds. Local studies dealing particularly with forage quality, availability and feeding improvement practices for water buffalo are very limited or not well documented. Link function: Logit. Notes: reference category of the ordinal regressions model is extremely strong impact (3). *, ** Significant at 5% and 1% level, respectively
Farmers attributed the negative effects on buffalo health to a combination of flooding, typhoons and the shift in seasonal patterns. Flooding is seen as a serious threat to the animals because the incidence of parasites (e.g. liver fluke) increases when buffalo are constantly exposed to wet and flooded grazing fields (Haque et al., 2011; Gordon et al., 2015) . A water buffalo's need to wallow means that they are naturally exposed to disease-causing parasites that thrive on wet and flooded areas but this effect is exacerbated by flooding (Mingala & Gundran, 2008; Venturina et al., 2015) . Farmers also indicated that the changes in seasonal patterns and typhoons had an impact on animal health but did not specify the health problems. The shifts in seasons (e.g. more wet days) and typhoons (heavier rains) have been indirectly linked to the transmission and seasonality of vector-borne and other infectious diseases in most livestock Bett et al., 2017) .
Extreme heat was unexpectedly not ranked among the most important of the climatic parameters. This is probably because water buffalo farmers, when asked about 'heat waves', normally associate such events with droughts, as farmers usually experience extreme heat during drought periods. Nevertheless farmers did describe how both the quantity and quality of milk production was affected by heat, as has also been noted in cattle Moore & Ghahramani, 2013) . A few farmers (27%) reported that extreme heat caused problems associated with breeding while more than half (63%) associated poor breeding performance with droughts. The dry season has been found to reduce the fertility and semen quality of buffalo and increase the incidence of "silent heat" in females, resulting to poor conception rates (Somparn et al., 2004; Vale, 2007) .
Contrary to the belief that water buffalo are highly adaptable to hot and humid environments, our findings suggest that climatic occurrences, especially drought and heatwaves, predispose water buffalo to deleterious effects. The negative impacts of multiple climatic parameters are widely perceived by farmers as a risk to water buffalo productivity and reproductive performance.
Social determinants of perceived climate change impacts
We found significant variation in how farmers perceived the impacts of climate change. Some farmers (23%) said they were little affected, many (49%) were moderately affected, with just over a quarter (28%) claiming they suffered significantly. This implies that differences might be due to the diverse personal characteristics of farmers (Grunblatt & Alessa, 2017) . We found that age and length of farming experience have contrasting impacts on farmers' perceptions. The older the farmers, and the less experienced, the more they perceived that climate change had affected their production systems. This finding contradicts other studies that identified age as a proxy of farming experience (Deressa et al., 2009) . Previous studies concluded that more experienced farmers are significantly more likely to perceive climatic changes, such as variability in rainfall and increases in temperature (Bryan et al., 2013; Lasco et al., 2016) , though the opposite was also observed by Gbetibouo et al. (2010) . Meanwhile, other studies have pointed out that age itself is not the single strongest predictor of climate change awareness (Lee et al., 2015) , indicating that experience does not necessarily have to be strongly correlated with age. Other studies showed that more experienced farmers are also more likely to adapt to climate change (Deressa et al. 2009; Ayal & Leal Filho, 2017) , while in other cases, age had no impact on adaptation (Bryan et al., 2013; Burnham & Ma, 2017) .
Farm components were also linked to perceived impacts, particularity income diversification. Cultivating a great variety of crops could mitigate climate change impacts (Bryan et al., 2013) and diversifying farm income can be a strategy for adaptation and increasing resilience (Mertz et al., 2009; Lin, 2011; Rurinda et al., 2014) . Land holdings also influence the perceived impacts; the larger the land area owned, the lower the likelihood that a farmer perceived climate change impacts. Land is a very valuable asset for farmers, and the finding could imply that farmers with small land areas are more vulnerable to climate change impacts, and are therefore more highly attuned to change (Musemwa et al., 2012) .
Livestock's contributions to livelihoods also affect farmers' perceptions of climate change impacts, as documented elsewhere (Bouroncle et al., 2017; Chingala et al., 2017) . In our study, farmers who described the function of water buffalo as a buffer and insurance were less likely to perceive impacts. Livestock can reduce the vulnerability to climate change by serving as a living asset, a safety net, for when extreme weather events cause crops to fail. This could also be related to more diversified livelihood options that make livestock production a complementary household income.
Our findings suggest a negative association between income from livestock and perceptions. However, the relationship between income, risks perceptions and capacity to adapt are complex (Cullen & Anderson, 2017) . Some studies highlighted that income from livestock contribute to livelihood stability by increasing farmers' adaptive capacities (Deressa et al., 2009 ). Our results imply that those with less income, already more vulnerable to the effects of climate change and having lower adaptive capabilities, will be further disadvantaged because they are less likely to perceive the impacts of climate change and so less likely to adapt. This is contrast to the findings of other studies in which farmers with lower incomes perceived more changes in climate (Lasco et al., 2016) , possibly owing to their greater dependence on farming for their livelihood. Meanwhile, Burnham & Ma (2017) found that state-society dependencies may reduce smallholders' perceptions of self-efficacy so being able to perceive climate change risks and impacts did not necessarily lead to an intention to adapt. Some studies have also explored the links between wealth and the likelihood of adapting to climate change, with adaptation often requiring ample financial capital (Bryan et al., 2013; Arunrat et al., 2017) . Wealthy farmers are sometimes more likely to have access to extension services that will advise them on adaptation (Singh et al., 2017) . In this study, we did not test additional proxy variables for income (e.g. household assets and related wealth indicators) other than for households with off-farm income sources, which we found was not a significant determinant of farmers' perceptions.
Farmers utilizing water buffalo as a source of traction-draft power were less likely than dairy farmers to perceive they had been affected by climate change. Using animal traction despite modernization in agriculture might be an indication of smallholders' limited capacities. However, under climate change, animal traction nevertheless remains crucial in agricultural development (Nanda and Nakao, 2003; Cruz, 2007) and as a means to mitigate the effects of climate change in some areas (Sirohi and Michaelowa, 2007) .
The institutional environment of farmers is often thought to influence the adoption of new technologies and is also positively associated with farmers' perceptions (Deressa et al., 2009 ). In our study, many farmers had received adaptation support or 'coping assistance', mostly in the form of 'calamity or disaster relief'. One example of such support has been the credit program, which provides agricultural loans, not specifically to livestock keepers but to all farmers in a cooperative. Farmers who avail themselves of credit assistance and adaptation support through government programs perceive that climate change has had less impact than those who do not. Access to credit commonly has a positive effect to adaptation behavior (Deressa et al., 2009; Ndamani & Watanabe, 2016) . Insurance schemes through government programs in the area are generally targeted at crops, particularly rice. Some farmers in our study area had their water buffalo insured through contracts in case of death, though not necessarily when caused by climate change. It might be that farmers who access insurance have previously suffered damage from climatic events and are therefore more aware of climate change. However, this could also mean that there is a lack of access to insurance schemes, leaving some farmers more vulnerable to climate change risks.
Access to training (through agricultural extension) and other capacity building initiatives (e.g., Farmer Livestock Schools) was another institutional variable that influenced farmers' perceptions. Farmers who had access to or were recipients of government extension services were more likely to observe climate change impacts than those who had not had this access. Other studies have found that access to extension services significantly improves the likelihood of perceiving climate change impacts (Debela et al., 2015) . In some contexts, access to institutional services could improve farmers' adaptation capacity, and some studies concluded that higher levels of perceived climate change effects should be positively correlated with higher levels of intent to adapt (Burnham and Ma, 2017) .
Adaptation in water buffalo production
Our study confirmed that the perceptions of risk of several climatic events on agricultural production were the most important determinant of adaptation (Mase et al., 2017) . We found that water buffalo farmers have been adapting to climate change autonomously or spontaneously rather than it being something for which they had planned in any coherent manner (Smit et al., 2000) . These include adaptation measures that are reactive and relatively inexpensive such as biophysical and operational adjustments to their farms, e.g. relocation of animals, adjusting forage planting times and use of crop residues. The shift of almost half of the respondents from rice production to dairy buffalo husbandry is also in line with previous research (Cooper et al., 2008; Tambo & Abdoulaye, 2013) . Farmers obviously regard water buffalo production as less sensitive to climate change than is rice production and have taken this opportunity to generate more income and to minimize crop failures during extreme weather events. This shift in income source is an example of ex-ante risk-management (Cooper et al. 2008) and suggests that farmers' adaptation responses combine economic incentives to sustain their livelihoods and previous experiences of the negative impact of climatic events.
Adaptation should also include increasing farmers' access to evidence-based information. Spontaneous adaptation measures that follow from farmers' perceptions are unlikely to be enough on their own to counter the climate-induced reductions in productivity that occur on feeds and feeding, health and reproduction. Life experiences of farmers will not guarantee successful adaptation, but adaptation may delay or reduce these negative impacts (Adger et al., 2005; Porter et al., 2014) . More specific interventions to counter these perceived risks on productivity need to be incorporated in adaptations that are targeted at farmers from a range of demographic, socio-economic and institutional backgrounds.
Conclusions and policy implications
Our study explored farmers' perceptions of climate change and related extreme weather events, the perceived impacts and how farmers adapt. We found a very high awareness among water buffalo farmers of the relationship between extreme weather events and climate change. Almost all farmers stated that they observed that both the frequency and severity of extreme events such as heat, floods, typhoons and drought, had increased, reflecting the actual trends in precipitation and temperature recorded in the study area.
Perceptions of climate change risks strongly depend on the level of experience of exposure (as informed by age or length of lived experience) and vulnerability to these extremes (farmer's adaptation characteristics and context). Past extreme weather events have been used to inform their perceptions of climate change. Farmers are active observers of changes in weather and climatic events, suggesting that future climate change adaptation can be informed by past experience.
Adaptation in the study area was found to be spontaneous rather than planned. This has included a shift from crop to livestock production which about half of the respondents describing how they mitigated climate change impacts to sustain their income. This shift has not been undertaken with an understanding of long term consequences, such as potential future crop shortages in the area and reductions in the diversification of income. At the moment, agricultural policies in the Philippines mainly focus on improving the climate resilience of crop production. Our research suggests that, with farmers increasing dependence on livestock, there is a need to include livestock, and in this case water buffalo, into climate change research and to develop locally applicable and long-term adaptation measures.
